Abstract. The Central Chain ophiolites in New Caledonia are fragments of a supra-subduction zone (SSZ) ophiolite, now preserved from the upper layered gabbros through to volcanics and overlain by pelagic cherts and a thick Middle Triassic to Upper Jurassic volcaniclastic sequence. Most of the fragments were formed by a single tholeiitic magmatic episode, but one of these, the Koh ophiolite, was formed by two tholeiitic magmatic episodes separated by boninites. The first event in the Koh ophiolite formed cumulate gabbros, dolerites, plagiogranites, and the first pillow lava sequence from a tholeiitic magma with strong depletion in the light rare earth elements (LREE) and abnormally low TiO2 (0.5% at Mg#=60). Shortly after their eruption, these tholeiitic lavas were overlain by a high-Ca boninitic unit with a basal section of boninite pillows, flows, and breccias and an upper section of boninitic dacites and tuffs. The last magmatic phase involved eruption of evolved tholeiitic basalts, as pillows above the boninites and as dykes and sills intruding the older plutonic and volcanic sections of the ophiolite. This second phase of tholeiitic magmatism is compositionally distinct from the first and is closest to back arc basin basalts (BABB) erupted during the early rifting history of modern back arc basins. The boninitic volcanics belong to a high-Ca series with slightly lower SiO2, A120 3, and TiO2 compared to those from modern island arc systems, and they lack the positive Zr spike relative to adjacent rare earth elements (REE) in normalised element variation patterns. These boninites were formed shortly after the production of back arc basin crust represented by the depleted tholeiites and shortly before a second spreading 
. The most complete of these sections is in the vicinity of the tribal village of Koh, where the ophiolite is 20 km long and 5 km thick. Undated Boghen terrane schists lie to the west across a steeply dipping fault, and to the east the Koh ophiolite is conformably overlain by volcaniclastics. The peridotites and cumulate ultramafic rocks which are present at the base of many ophiolites are missing from Koh. They were probably removed either during obduction or subsequent strike-slip faulting. The extrusive and fragmental ophiolitic volcanic rocks consist of pillow lavas, breccias, flows, and pyroclastic deposits that can be subdivided into three units based on differences in outcrop style, petrography and geochemistry. These units can be traced in river sections and road cuttings and over ridges along strike for more than 18 km between the villages of Sarram6a and M6chin (Figure 2 Plagioclase is albitised or replaced by fine-grained clay minerals and titanomagnetite by titanite.
Boninites

Pillows and Felsic Volcanics
Boninitic volcanics stratigraphically overlie the lower tholeiites. In some cases, the boundary between the two units is marked by a zone up to 2 m thick of pelagic radiolarian and hydrothermal cherts, indicating a hiatus in the volcanic activity. Evidence for this is not always present and in some places the boundary is marked by primitive low- The boninites contain large chlorite+serpentine-altered orthopyroxene phenocrysts in a groundmass of clinopyroxene laths, altered glass, and occasional small crystals of chromite. Felsic volcanics overlying the boninites generally contain large embayed quartz phenocrysts, fresh augite, titanomagnetite, and small altered plagioclase phenocrysts set either in a trachytic-textured groundmass containing small altered plagioclase laths or in a groundmass of devitrified glass. The upper tholeiites are the least altered rocks of the Koh ophiolite. They contain small glomerophyric aggregates of small augire, plagioclase, and titanomagnetite phenocrysts in a groundmass of small plagioclase laths, equant clinopyroxene, and devitrified glass altered to chlorite, pumpellyite, and magnetite. They also contain prehnite, quartz, calcite and bright green, and brown pleochroic pumpellyite within amygdales and veins.
Sedimentary Rocks
The upper tholeiites are conformably overlain by green and red pelagic siliceous siltstones up to 130 m thick which drape over the uppermost pillows and are succeeded by tuffaceous siltstones, volcaniclastic sandstones, and conglomerates 
Plots of Mg# versus
Sources of the Magma Suites
The geochemical characteristics of the three magmatic units of the Koh ophiolite suggest that they were derived from separate sources. The lower tholeiites with 7-9% MgO show strong depletion of the light rare earth elements (LREE) (Figure 10 ). Such differences are unlikely to be related to fractionation, as they persist across the fractionetlon range within each suite; rather, they are taken to reflect source/primary magma differences.
The tholeiites from the remainder of the Central Chain ophiolites are similar to those from Koh, but the lack of REE and isotope data makes it difficult to compare their sources. However, it is likely that the similarities of the major and trace elements should extend to the REE and Nd isotopes. All tholeiite suites show strong Fe-enrichment but little tendency to SiO2 enrichment with increasing fractionation, very high Ti/Zr values in their least evolved members (140-160), LREE depletion, and significant negative Nb anomalies. Although the K20 abundances of these rocks are unlikely to be primary, they are uniformly low (usually less than 0.2%), and this, taken together with the compositional characteristics of the eruptive units and dykes discussed above, suggests that they were low-K tholeiites erupted in a SSZ setting. 
Spreading History
The Koh and Central Chain ophiolites probably formed during an episode of extensional magmatism in an SSZ environment. The screen of dykes which separates the basal tholeiitic lavas from the uppermost gabbroic rocks (better developed at Pocquereux and Cantaloupa¾ than at Koh) and the occurrence of thick tholeiitic sequences of MORB-or BABBtype basalt-ferrobasalt pillows which were produced from open magma chambers indicate that tholeiitic magmatism probably occurred in an extensional environment rather than in stratocone-type arc volcanoes. This suggests that the ophiolites were formed by a process similar to seafloor spreading in a SSZ environment.
The three geochemical units from the Koh ophiolites formed during a period of complex spreading and extension, with magmatism occurring during two separate events, the first forming the lower tholeiites and the second forming the upper tholeiites. No exposed intrusive equivalents of the boninites were found; they may have formed either at the end of the lower tholeiite extensional event or at the beginning of the upper tholelite event. The time interval separating the two extension episodes was probably short, as only small amounts of pelagic or volcaniclastic sediments occur within the pillowed sequence, the largest being a lens <20 m thick between the boninitic felsic volcanics and the upper tholeiites. Assuming typical rates of pelagic sedimentation  (e.g., 14 m/m.y. [Rothwell et al., 1994] [Meijer, 1980] . In some of these ophiolites (e.g., Troodos, Khan-Taishir, Tasmania) the tholeiites have depleted incompatible element contents (and are strikingly similar to the Koh lower tholeiites); however, in many others, the boninites are associated with MORB-or BABB-type tholeiites (e.g., Victoria, Thetford Mines, Karm0y Betts, Cove, Zambales, Pindos), similar to the upper tholeiites from Koh. As this association has no well-studied equivalent in modern island arcs, it presents one of the main difficulties in determining tectonic setting. Similar models to that proposed for Koh may apply to other ophiolites, but careful investigation of the stratigraphy, spreading history, and chemistry is required. In particular, it is critical to note the nature and location (before, or after boninites) of tholeiites associated with boninitic magmatism and also whether any relation exists between the nature of boninites (high-Ca versus low-Ca) and the nature of the associated tholeiites.
Conclusions
The model proposed here to explain the geochemical stratigraphy of the Koh ophiolite involves the production of boninites during upwelling of depleted mantle at the initiation of rifting in young oceanic lithosphere in a back arc basin in response to the invasion by a propagating back arc basin rifttip (Figure 12) . The model assumes that a hot residuum of depleted mantle underlies the recently formed lower tholeiite lithosphere. Mantle upwelling during rifting will cause depleted mantle residuum from the lower tholeiitic spreading to rise and partially melt. The production of these melts will be strongly controlled by how far these rocks are below solidus, by the structure of the mantle upwelling, and by the driving mechanism of mantle upwelling. In depleted mantle The coarse calc-alkaline arc-derived sediments overlying the Koh and related ophiolites indicate that this crust was located near arc volcanoes during the long history of the basin which the ophiolite floored. This implies a narrow and probably young arc related basin, since spreading close to the arc mainly occurs in back arc basins shortly after arc rifting (Hawkins, 1994). These volcaniclastic sediments also imply that the Koh boninites were not produced during the initiation of the island arc, as calc-alkaline magmatism is normally restricted to mature intraoceanic arcs.
